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Mechanisms of improvement of water and sodium excretion by immer-
sion in decompensated cirrhotic patients Eight patients with alcoholic
liver disease, ascites, and edema were found to have impaired water (36
6% in 5 hr) and sodium (3.9 1.1 mEq/5 hr) excretion during a 20
mi/kg water load. These patients were submitted to a 5-hr head-out
water immersion (HWI) with hemodynamic monitoring (Swan-Ganz).
HWI increased cardiac index (3.3 to 4.2 liters/min/m2), right atrial
pressure (RAP, 3.9 to 9.0 mm Hg), and wedge capillary pulmonary
pressure (9.8 to 15.4 mm Hg) (all P < 0.01). HWI decreased plasma
renin activity (6.4 to 4.5 ng/ml/hr, P < 0.001), aldosterone (73 to 43
ng/dl, P < 0.001), arginine vasopressin (AVP, 1.03 0.15 to 0.76 0.08
pg/mi, P < 0.005), norepinephrine (NE, 584 to 435 pg/mI, P < 0.001)
and increased the percentage of water load excreted (36 to 63%, P <
0.005) and urinary sodium excretion (3.9 to 9.7 mEq/5 hr, P < 0.05).
The percentage of water load excreted was inversely correlated to AVP
levels (r = 0.52, P < 0.05) and directly correlated to RAP (r = 0.74, P <
0.05). A significant positive correlation was also found between the
increase in fractional excretion of sodium (FENa) and the increase in
RAP (r = 0.77, P < 0.001). FENa also correlated inversely with NE
levels (r = 0.56, P < 0.05). Thus, central blood volume expansion
increases renal water excretion in decompensated cirrhotic patients, at
least in part by suppressing AVP, and the magnitude of the increase in
water excretion and in FENa correlate most closely with the changes in
RAP.
Mécanismes de l'amélioration de l'excrétion de l'eau et du sodium par
immersion chez des cirrothiques decompensés. Huit malades atteints
d'une hépatopathie alcoolique, avec ascite et oedèmes avaient une
alteration de l'excrétion de l'eau (36 6% en 5 heures) et du sodium
(3,9 1,1 mEq/5 heures) pendant une charge hydrique de 20 mI/kg. Ces
malades ont été soumis a une immersion dans l'eau tête sortie pendant 5
heures (HWI) avec une surveillance hemodynamique (Swan-Ganz).
HWI a augmenté l'index cardiaque (3,3 a 4,2 litres/mn/rn), Ia pression
auriculaire droite (RAP, 3,9 a 9,0 mm Hg), et Ia pression pariétale
capillaire pulmonaire (9,8 15,4 mm Hg) (pour tous P < 0,01). HWI a
diminué i'activité rénine plasmatique (6,4 a 4,5 ng/ml/hr, P < 0,001),
l'aldostérone (73 a 43 ng/dl, P < 0,001), l'arginine vasopressine (AVP,
1,03 0,15 a 0,76 0,08 pglml, P < 0,005), Ia noradrénaline (NE, 584 a
435 pg/mI, P < 0,001) et a augmente le pourcentage de Ia charge
hydrique excrétée (de 36 a 63%, P < 0,005) et l'excrëtion sodée urinaire
(3,9 a 9,7 mEq/5 hr, P < 0,05). Le pourcentage de Ia charge hydrique
excrétée était inversement corrêlêe au niveau d'AVP (r = 0,52, P <
0,05) et directement corrélée a RAP (r = 0,74, P < 0,05). Une
correlation positive significative a egalement ete trouvêe entre l'aug-
mentation de l'excrétion fractionnelle de sodium (FENa) et t'augmen-
tation de RAP (r = 0,77, P < 0,001). FENa était egalement inversement
corrClée avec les niveaux de NE (r = 0,56, P < 0,05). Ainsi I'expansion
du volume sanguin central augmente l'excrCtion rénale d'eau chez des
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cirrothiques décompensés, au moms en partie en supprimant l'AVP, et
l'amplitude de l'augmentation d'excrétion de l'eau et de FEN, est très
corrélée avec les modifications de RAP.
Patients with cirrhosis have been shown to have variable
diuretic and natriuretic responses to increases in central blood
volume as induced by head-out water immersion (HWI) [1, 2].
Although normal humans have been shown to suppress plasma
arginine vasopressin (AVP) levels during HWI [3], plasma AVP
measurements have only been reported in an abstract form in
cirrhotic patients [4, 5]. If central blood volume expansion with
HWI suppresses nonosmotic AVP release by altering barore-
ceptor tone [6], then it is possible that the variable diuretic
response in cirrhotic patients may relate to variable changes in
the central hemodynamic response to HWI and thus variable
suppression of AVP. Similarly, the variable natriuretic respons-
es of cirrhotic patients to HWI may relate to variable central
hemodynamic and hormonal responses. Although HWI has
been shown in normal subjects to enhance central hemodynam-
ics, there have heretofore been no measurements of the effect
on central hemodynamic alterations induced by HWI in cirrhot-
ic patients.
The present study therefore has been undertaken to examine
the effect of HWI in decompensated cirrhotic patients on
plasma AVP concentrations and central hemodynamic alter-
ations including right atrial (RA) and capillary wedge pressure,
cardiac (CI) and stroke volume index (SVI), and systemic
vascular resistance (SVR). These changes were correlated with
the capacity of the cirrhotic patients to excrete a water load.
Moreover, changes in hormonal (plasma renin, aldosterone,
and norepinephrine) and central hemodynamics were correlated
with the natriuretic responses to HWI.
Methods
Eight patients with well documented decompensated alcohol-
ic liver disease were studied. Six patients were male. The mean
patient's age was 49 years old (range, 36 to 61 years). These
patients were in a stable clinical state for at least 2 weeks prior
to the study and all had ascites (mean abdominal girth: 104 5
cm) and 1+ to 3+ peripheral edema. Diuretics were discontin-
ued for at least 5 days prior to the study. All subjects ingested a
35- to 50-mEq sodium diet for at least 3 days prior to the study.
Water restriction was instituted in every patient to maintain
their serum sodium higher than 130 mEq/liter. Careful sodium
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balance studies were also done in each patient. Two studies, a
water load test and a water load with an immersion study, were
randomly performed in each subject; these two procedures
were carried out, at least, 2 days apart.
A water load test was performed on each patient as previous-
ly described [7]. Briefly, after an overnight fast, a 20 mI/kg of
body weight water load consisting of 5% glucose in water was
given intravenously over 30 to 40 mm. Hourly blood and urine
samples were obtained over the next 5 hr for biochemical and
hormonal measurements. Water load studies were performed in
a sitting position similar to the sitting position during HWI.
A 5-hr HWI was performed in each patient in a sitting
position to increase their "effective" blood volume. After an
overnight fast, patients were awakened at 7:00 A.M., a short
plastic catheter was introduced percutaneously in one arm,
baseline blood samples were taken, and an inulin and para-
amino hippurate (PAH) infusion was started at a constant rate
(I ml/min) and continued throughout the study. A 7F triple-
lumen, flow-directed, balloon-tipped thermodilution catheter
(Edwards Laboratories, Santa Ana, California) was then intro-
duced transcutaneously through the median basilic vein by the
Seldinger technique and advanced to a pulmonary "wedge"
(PW) position according to pressure tracings. Pulmonary arteri-
al, RA, and PW were monitored by using a Gould-Statham
P231d transducer positioned at the mid-axillary line and were
recorded on an Electronic for Medicine VR 6 Photo-graphic
Recorder. Cardiac output was measured by means of the
thermodilution technique with iced 5% dextrose in water.
Measurements of cardiac output were obtained by use of a
computer (model 9520, Edwards Laboratories). Systemic arte-
rial blood pressure was obtained by the standard cuff technique.
The hemodynamic measurements were first obtained when the
patient was sitting outside the immersion tank in a specially
designed chair suspended to a mechanical hoist. For that
purpose, pressure transducers were placed at the level of the
fourth intercostal space. The patient was then immersed with
the aid of a mechanical hoist into a neutral temperature water
tank. A constant water temperature of 35 0.5°C was main-
tained by two heat exchangers controlled by an adjustable
temperature calibrated control meter with the input derived
from one thermistor immersed in the tank. The patient was
immersed to the neck and the pressure transducers were then
again carefully adjusted to the level of the fourth intercostal
space. A 20 mI/kg of body weight waterload consisting of 5%
glucose in water was given intravenously, over 30 to 40 mm, at
the beginning of the immersion procedure. Hemodynamic mea-
surements were done every 30 mm during the 5 hr of HWI.
Also, blood was drawn every hour through the RA line for
electrolytes, osmolality, blood urea nitrogen, creatinine, pro-
tein, albumin, inulin, and PAH concentrations. Samples were
also taken for measurements of plasma renin activity (PRA),
plasma aldosterone (Aldo), plasma AVP, and catecholamine
levels [epinephrine (Epi) and norepinephrine (NE)]. During
HWI, male patients were asked to stand up every hour on the
immersed chair and to void, Female patients had a Foley
catheter inserted immediately prior to the immersion procedure
and urine was collected every hour by gravity. The volume of
each collected urine was recorded and urine was analyzed for
electrolytes, osmolality, urea nitrogen, creatinine, inulin, and
PAH. At the end of the 5-hr HWI, patients were lifted from the
immersion tank. Postimmersion hemodynamic measurements
were obtained while the patients were in sitting positions
outside the tank, after appropriate level adjustments of the
pressure transducers.
Derived hemodynamic values were calculated as follows:
Cardiac outputCl (liters/min/m2) =
Body surface area
—
1000 CI
Heart rate
SVR = 80 (Mean arterial pressure-right atrium pressure)
Cardiac output
Techniques. Blood pressure was measured during HWI by
standard cuff techniques. Blood and urine biochemical determi-
nations as well as measurements for PRA, Aldo, and AVP were
divided by methods previously described in our laboratory [7].
Fractional excretion of sodium (FENa) was calculated as: urine
sodiumlplasma sodium — urine creatinine/plasma creatinine x
100. Plasma NE and Epi levels were measured by a radioenzy-
matic assay according to a modification of the method of Peuler
and Johnson [8]. Blood for catecholamine measurements was
collected in vacutainers containing lithium heparin and a solu-
tion of 1.9mg of EGTA and 1.2 mg of GSH for each ml of blood
drawn. The intraassay coefficients of variation for Epi and NE
were 7.2 and 6.4%, respectively. The interassay coefficients of
variation for Epi and NE for nine determinations were found to
be 16.9 and 12.1%. Values for 11 normal volunteers were 49
25 pg/mI (mean SD) for Epi and 276 61 pg/ml (mean SE)
for NE.
Statistical analysis was performed using the Student's paired
test (comparison of water load alone and water load during
HWI in the same patients) and least square regression analysis,
Results are given as mean SEM.
These studies were performed on the Clinical Research
Center of the University of Colorado School of Medicine and
were approved by the Human Research Committee of the
University Hospital. All subjects gave informed consent.
Results
Water load studies
The eight patients in the present study were clearly "nonex-
cretors" as previously defined as cirrhotic patients who excrete
less than 80% of an acute water load (20 mI/kg) in 5 hr [7]. The
present patients excreted only 36.3 5.8% of a 20 mI/kg water
load over 5 hr with a mean minimal urinary osmolality of 171
58 mOsm/kg H20. Other characteristics of "nonexcretor"
patients were also present as these patients were hyponatremic
(132.7 1.96 mEq/liter), hypoalbuminemia(2.7 0.15 g/dl) and
had high PRA (7.2 1.5 nglml/hr), Aldo (81.7 28 ng/dl), AVP
(mean AVP after the water load: 1.03 0.15 pg/mI), NE (847
235 pg/mI), and excreted only 3.9 1.1 mEq Na during the 5-hr
water load.
Immersion studies
Changes in central hemodynatnics during HWI
Cardiac output measurements were performed in eight pa-
tients. RA and PW pressure measurements were done during
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Fig. 1. Sequential changes in right atrium and pulmonary wedge
pressures during head-out water immersion in cirrhotic patients. Mean
SE values are represented. The asterisk represents P < 0.01; N = 8.
the entire HWI procedure in all patients except in patient six in
whom a malfunction of the pressure transducers occurred 1 hr
after the beginning of the experiment.
No significant changes in mean arterial pressure (MAP) were
observed during HWI (88 6 mm Hg control, 83 4 mm Hg
immersion, 85 5 mm Hg after HWI). Pulse rate did not change
during HWI but increased significantly after HWI (83 4
beats/mm before control, 89 3 HWI, 100 6 after control,
HWI vs. after control: P < 0.05).
HWI was associated with a significant increase in RA pres-
sure (3.9 to 9.0 mm Hg, P < 0.005) with a return to control
values after HWI (3.4 0.9 mm Hg, P < 0.005). Wedge
pressure also increased from 9.8 1.8 to 15.4 1.6mm Hg (P
< 0.001) and returned to control levels after HWI (10.6 2.5
mm Hg, P < 0.005).
CI increased during HWI from 3.4 0.2 to 4.2 0.3
liters/min/m2 (P < 0.005) and returned to control levels after
HWI (3.2 0.2 liter/min/m2, P <0.005). SVI increased during
HWI from 39.9 3.6 to 47.6 3.9 mum2 (P < 0.005) and
returned to 33.3 3.1 ml/m2 (P < 0.001) after immersion.
As a consequence of these changes in RA pressure and
cardiac output, SVR decreased from 1108 95 to 875 117
dynes x sec x cm5 (P < 0.005), to return to 1160 86 dynes X
sec x cm5 after HWI (P < 0.01). The increases in RA and PW
pressures (Fig. 1) and the changes in CI and SVR (Fig. 2) were
observed during the first 30 mm of HWI and were sustained
throughout the HWI.
Changes in hormonal concentration during HWJ
Plasma AVP. The plasma AVP levels were not significantly
suppressed by the acute water load in the absence of HWI (1.31
0.45 vs. 1.03 0.34 pg/mi, NS). However, although the basal
AVP level was higher, a significant suppression of plasma AVP
Table 1. Plasma NE (pg/mi) during water load
Without With
immersion immersion P value
Water load 584 40 435 41 < 0.001
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Fig. 2. Sequential changes in cardiac index and systemic vascular
resistance during head-out water immersion in cirrhotic patients. Mean
SE values are represented. The asterisk represents P < 0.05; N = 8.
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occurred when the acute water load was administered during
HWI (2.77 0,87 vs. 0.73 0.14, P < 0.05) (Fig. 3). The range
of AVP values were similar before the water load and before
HWI. When all post-water load AVP values were analyzed,
there was a significantly lower plasma AVP post-water load
during HWI (N — 40) as compared without HWI (N — 40) (1.03
0.34 vs. 0.73 0.14, P < 0.005). Linear regression analysis of
all AVP values post-water load (both with and without HWI)
demonstrated an inverse correlation between plasma AVP and
the percent water load excreted (r = 0.52, P < 0.05) and a
positive correlation between plasma AVP and urinary osmolali-
ty (r = 0.60, P < 0.001).
Plasma NE. The plasma NE concentrations were not statisti-
cally suppressed by the water load whether or not the patient
was undergoing water immersion (Table 1). However, when the
same four patients were used as their own control, plasma NE
concentrations were significantly lower during the water load
when the patients were undergoing water immersion (584 40
vs. 435 41, P <0.001). There were no differences in plasma
Epi levels.
PRA and Aldo. PRA and Aldo were measured in all eight
patients before and 5 hr after the water load, both with and
without HWI. As shown in Table 2, the PRA was significantly
lower during HWI at 2, 3, 4 and 5 hr after the water load. The
mean PRA values after the water load were also lower with
HWI (N — 40) as compared to without HWI (N — 40) (6.11
1.44 vs. 4.31 1.27, P < 0.005). The plasma Aldo values were
also significantly lower during HWI at 1, 4 and 5 hr after water
immersion. The mean plasma Aldo with (N — 40) and without
HWI (N — 40) were 72.9 23.3 versus 42.78 14.1, P < 0.02.
Correlation of water and sodium excretion with central and
renal hemodynamic and hormonal changes
Nonsignificant increases in creatinine clearance (78 9.0 to
97 13.4 mI/mm/i .73 m2), inulin clearance (46.1 7.5 to 60.8
9.8 ml/min/1.73 m2) and PAH clearance (281 47 to 298 58
mllmin/l.73 m2) were measured during HWI.
Water excretion. An attempt was then made to correlate the
various indices of improved systemic hemodynamics obtained
during HWI with the improvement in water excretion. A
statistically significant positive correlation was demonstrated
between RAP and the percent of water load excreted (r = 0.74,
P < 0.05) as well as between SVI and the percent of water
excreted (r = 0.67, P < 0.05). However, no statistically
significant correlation could be demonstrated between PW
pressure and the percent of water excreted.
Sodium excretion. Sodium excretion and cumulative sodium
excretion during water load and water load plus HWI are
presented in Table 3. A statistically significant positive correla-
tion was demonstrated between the increase in FENa (FENa)
and the increase in RAP (LRAP) during HWI; this correlation is
shown in Figure 4 (N = 35, r = 0.77, P < 0.001). Also an inverse
correlation was demonstrated between plasma NE levels and
FENa (log NE vs. log FENa: r = 0.56, P < 0.05). Furthermore,
the decrease in NE from before to during HWI (expressed as
negative percent changes) correlated closely with the RAP (r =
0.69, P < 0.01). The decrease in PRA from baseline to during
HWI (expressed as negative percent changes) correlated close-
ly with RAP (r = 0.55, P < 0.01) but not with other central
hemodynamic parameters. No correlation could be established
between changes in central hemodynamics and changes in Aldo
levels.
Discussion
In recent studies from our laboratory [7, 9] cirrhotic patients
were demonstrated to be divisible into two groups depending on
their capacity to excrete an acute water load (20 mI/kg) over aS-
hr period. Cirrhotic patients who excreted greater than 80% of
an acute water load were termed "excretors," while cirrhotic
patients who excreted less than 80% of the water load were
termed "nonexcretors." The characteristics of the excretor and
nonexcretor patients were substantially different. Specifically,
the nonexcretor patients demonstrated significantly higher plas-
ma concentrations of AVP, PRA, Aldo, and NE than the
excretor patients. Moreover, the nonexcretor patients exhibited
lower plasma albumin concentrations (although results of other
liver function tests were comparable), higher pulse rates, and
more evidence of sodium retention and ascites. On the basis of
these results, it was proposed that the "nonexcretor" patients
had relatively greater diminutions in effective" blood volume,
which, by altering baroreceptor tone, may stimulate the nonos-
motic release of vasopressin and increase sympathetic dis-
charge. The resultant increase in renal sympathetic tone then
may lead to activation of the renin-angiotensin-aldosterone
axis.
The present studies were undertaken to test this hypothesis
more carefully. HWI was used to translocate peripheral fluid to
' 2.0
>
3.0
I
Fig. 3. Basal and mean vasopressin levels after water load without
(solid line) and with (dashed line) head-out water immersion in cirrhotic
patients.
\ P<0.05
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Table 2. Plasma renin activity (nglml/hr) and aldosterone (ngldl) levels during water load and head-out water immersion (HWI) in eight cirrhotic
patients
Time postwater load
hours 0 1 2 3 4 5
Mean values
postwater
load
Plasma renin activity
Without HWI 7.20 4.76 5.75 6.37 7.12 6.66 6.11
With HWI 6.60 5.67 4.73 4.51 4.15 3.98 4.31
P valuea NS NS <0.025 <0.005 <0.005 <0.005 <0.005
Aldosterone
Without HWI 87.70 70.71 74.50 71.58 72.40 75.50 72.90
With HWI 91.80 60.90 39.90 36.70 37.00 38.50 42.78
P valuea NS <0.01 NS NS <0.05 <0.05 < 0.02
a The values represent a comparison between water load with and without immersion.
Table 3. Urinary sodium excretion (EqImin) and cumulative sodium excretion (mEq) during water load and head-out water immersion (HWI)
in eight cirrhotic patients
Time postwater load
hours 0 I 2 3 4 5
Urinary sodium excretion
Without HWI 11.3 34.9 10.3 10.5 7.7 5.3
With HWI 10.3 34.1 43.8 34.6 34.4 33.0
P valuea NS NS NS NS NS <0.05
Cumulative sodium excretion
Without HWI 1.9 2.5 3.0 3.5 4.0
With HWI 1.9 4.4 5.9 7.7 9.7
P valuea NS NS NS NS <0.05
a The values represent a comparison between water load with and without immersion.
the central blood volume. This increase in effective blood
volume was assessed by RAP, CWP, CI, SVI, and SVR. With
adequate expansion of effective (central) blood volume during
HWI, nonexcretor patients might demonstrate characteristics
more similar to excretor cirrhotic patients. In the present
investigation, eight nonexcretor patients (36% of acute water
load excreted) were studied before, during, and after HWI as
central hemodynamic, humoral, and renal excretory parameters
were monitored.
HWI was associated clearly with evidence of enhanced
central hemodynamics in these nonexcretor patients. Each
patient demonstrated an increase in both RA and PW-capillary
pressures (an index of left atrial pressure) indicating increased
cardiac preload. This evidence of increased cardiac preload was
associated with enhanced cardiac index and SVI as well as a fall
in SVR. Although HWI was known to increase central hemody-
namics in normal subjects [3], such results have not heretofore
been reported in cirrhotic patients. With the proposed effect of
ascites to compress the vena cava and diminish cardiac preload
[10], it was possible that HWI could have had a much less
consistent effect to enhance central hemodynamics in cirrhotic
patients than observed in normal subjects. Such a variable
hemodynamic response to HWI might then explain the previ-
ously described variability of urinary excretory response to this
maneuver [1, 2]. In this regard, it is interesting to note that
patient 7 had the lowest cardiac index (2.11 liters/min/m2) and
exhibited the least increase in right and left atrial filling pres-
sures and cardiac output during immersion. It was this same
patient who had the lowest FENa both before and after water
immersion. Overall, however, FIWI exhibited a rather consist-
ent effect to enhance central hemodynamics (Fig. 1 and 2).
When the same patients were used as their own control, the
plasma AVP concentrations after an acute water load were
significantly lower when the patients were undergoing water
immersion (Fig. 3). Moreover, a significant negative correlation
was demonstrated between post-water load plasma AVP con-
centrations and the percent of the water load excreted; also a
positive correlation was demonstrated between post-water load
AVP concentrations and urinary osmolality. The mean percent
water load excretion increased from 36 to 63% (P < 0.005)
during water immersion. When patients 4 and 7 who had very
low GFRs (23 and 44 ml/min/L73 m2, respectively) were
excluded, the percent water load excreted during water immer-
sion was near normal (76.2%).
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Fig. 4. Correlation between changes in fractional excretion of sodium
and changes in right atrium pressure during HWI in seven cirrhotic
patients. In each patient, values were calculated and measured for each
hour of the head-out water immersion (live measurements in each
patient).
The present results therefore support the hypothesis that
nonexcretor cirrhotic patients demonstrate nonosmotic release
of AVP secondary to a diminished effective blood volume. HWI
enhanced central (effective) hemodynamics thereby diminishing
the nonosmotic AVP stimulus, and thus allowed osmotic sup-
pression of AVP during the acute water load. These observa-
tions are compatible with the proposal that there are both
osmotic and nonosmotic (baroreceptor) afferent inputs into the
magnocellular neurons [6]. In the decompensated cirrhotic pa-
tient nonosmotic AVP release occurs secondary to diminished
effective blood volume, thereby attenuating the osmotic regula-
tion of AVP release. During HWI an increase in left atrial
pressure, left ventricular filling, and cardiac output would be
expected to be associated with increased left atrial vagal and
carotid sinus glossopharyngeal afferent input into the hypothal-
amus via the midbrain (nucleus solitarus) [11—13]. Such an
increase in vagal and glossopharyngeal afferent tone would be
expected to suppress the nonosmotic release of AVP [11—13],
thus allowing the decompensated cirrhotic patient to suppress
the osmotic release of AVP normally during an acute water
load. In this setting any persistent defect in water excretion
would be expected to be due to diminished fluid delivery to the
distal diluting segment. This latter effect may have been pre-
dominant in the cirrhotic patients recently reported by Epstein
et a! [5].
The present results also provide important information about
sodium regulation in cirrhotic patients before and during HWI.
In a recent study from our laboratory a highly significant
correlation was observed in cirrhotic patients between urinary
sodium excretion and plasma NE levels [9], The patients with
the highest plasma NE levels demonstrated the most profound
sodium retention [9]. The same correlation was found in the
present study. If diminished effective blood volume was associ-
ated with suppression of left atrial vagal afferents and glosso-
pharyngeal afferents from the carotid sinus, then, not only
nonosmotic vasopressin release, but also increased central
sympathetic efferent discharge would be expected. The elevat-
ed plasma NE levels observed in the present patients support
this possibility.
From this background it would be expected that HWI would
increase central "effective" blood volume, stimulate left atrial
vagal and glossopharyngeal afferents in the carotid sinus and
thus suppress central sympathetic efferent discharge and plas-
ma NE concentrations. In this regard, plasma NE has been
shown recently in normal subjects to provide a good index of
alterations in baroreceptor activity [14]. In the present study
there was a significant correlation between the decrement in
plasma NE levels and the increment in RA pressures during
HWI. The FENa during the immersion procedure also correlat-
ed with the suppression of plasma NE levels in the present
study. Also, when the same patients served as their own control
during the water load, HWI was associated with a significantly
lower plasma NE concentration (Table 1). Moreover, in confir-
mation of previous results by Epstein et al [2], HWI was
associated with suppression of PRA and Aldo activity in the
present study.
In summary, HWI in decompensated nonexcretor cirrhotic
patients was shown to enhance cardiac filling pressures, CI and
SVI. These enhanced central hemodynamics were associated
with the suppression of AVP, PRA, plasma Aldo, and plasma
NE concentrations. These results support the hypothesis that
diminished effective blood volume is associated with barorecep-
tor mediated enhancement in nonosmotic AVP release and
increased central sympathetic efferent discharge. The latter
effect at the level of the kidney may account for the observed (1)
activation of the renin-angiotensin-aldosterone axis, (2) the
failure to escape from the sodium retaining effects of Aldo, and
(3) contribute to the AVP mediated water retention in decom-
pensated cirrhotic patients.
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